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(54) VIBRATION ISOLATING DEVICE AND CONTROL METHOD THEREFOR 

(57)Abstract: 

PURPOSE: To prevent generation of vibration through control in a state 
wherein an air spring and an electromagnetic absorbing body are 
integrated in one body is a device which reduces the vibration of various 
industrial machines to microvibration for isolating the vibration with high 
precision, and forming the device in a compact structure and small size. 
CONSTITUTION: A vibration isolating device comprises a voice coil motor 
2 arranged in an air spring 1. In the air spring 1, a space between upper 
and lower plates 3 and 4 is tightly sealed by a bag body 5 and compressed 
air is fed in an air chamber 6. The voice coil motor 2 arranged in the air 
chamber 6 is formed such that the voice coil motor 8 is wound around a 
bobbin 7 and is inserted between the pawl piece 1 1 of a permanent 
magnet 10 having a gap 9 and an annular core 12. 




LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner's decision of rejection] 

[Kind of final disposal of application other than the 
examiner's decision of rejection or application converted 
registration] 

[Date of final disposal for application] 
[Patent number] 
[Date of registration] 

[Number of appeal against examiner's decision of 
rejection] 

[Date of requesting appeal against examiner's decision 
of rejection] 

[Date of extinction of right] 



f 



Page 1 of 1 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

k This-document . has been translated by computer.So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The vibration isolator characterized by having had the air spring and the electromagnetic-force 
oscillating absorber, having prepared the either in the interior of another side, and unifying. 
[Claim 2] The vibration isolator according to claim 1 characterized by considering as the voice coil 
motor which should enclose the compressed air with the interior of the bag body which consists the 
aforementioned air spring of an airtight elastic membrane, loops body material around a voice coil for an 
electromagnetic-force oscillating absorber, **** this in the opening between the annular magnets with 
which a magnetic pole counters radial, and changes. 

[Claim 3] It is the vibration isolator according to claim 1 which unifies an electromagnetic-force 
oscillating absorber in preparation for the inside of the aforementioned air spring, and is characterized 
by consisting of what prepared the body which an electromagnetic-force oscillating absorber makes 
generate absorptive power or repulsive force with an electromagnet and an electromagnet, and carried 
out opposite arrangement of the minute gap to the electromagnet. 

[Claim 4] both the output signals and the integration signals of the acceleration sensor which attached in 
the vibration isolator to the vibration isolator which unified and formed the air spring or the 
electromagnetic-force oscillating absorber in the interior of another side — being based - vibration of an 
oscillating absorber — feedback control — electromagnetism — the control method of the vibration 
isolator which consists of controlling pneumatic pressure so that the air spring amount of compression 
becomes the set point based on both the output signals and the integration signals of the displacement 
sensor which controls- like and detects the amount of compression of an air spring [ both / either or ] / 
both / either or 

[Claim 5] the output signal of the displacement sensor which detects the amount of compression of an 
air spring to the aforementioned vibration isolator — differentiating - the differential signal — being 
based — vibration of an oscillating absorber — feedback control — electromagnetism — the control 
method of the vibration isolator according to claim 4 characterized by controlling pneumatic pressure so 
that it controls-like and the air spring amount of compression becomes the set point based on both the 
output signals and integration signals of the above-mentioned displacement sensor [ both / either or ] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the vibration isolator used for vibrationproofing of 

various industrial machines, and its control method. 

[0002] 

[Description of the Prior Art] There is an air spring as one of the meanses which prevents vibration 
generated from various industrial machines, such as a dehydrator, a compressor, an air hammer, a press, 
and an oscillating conveyor. As shown in drawing 6 , generally this air spring encloses the compressed 
air with the interior of a cross-section ellipse-like bag body, uses the elasticity, and it consists of what 
fixed the outstanding rubber membrane (rubber bellows) of the airtightness reinforced with the powerful 
tire cord by vertical metallic ornaments. 

[0003] When using this air spring as a vibration isolator, it consists of what generally installed the 
respectively independent thing of an air spring 1 and a voice coil motor 2 on the required-number 
common bed as shown in drawing 7 . 

[0004] The example is shown in the paper (paper No.89-0916B) as which the vibration isolator using the 
air spring mentioned above was announced by for example, the Japan Society of Mechanical Engineers 
collected works (C pieces) and 56 No. 523 (1990-3), and "research of active fine oscillating vibration 
removal equipment which used the linear motor" (four persons besides Takashi Fujita). 
[0005] In this paper, a voice coil form linear motor is used as an actuator of vibration removal 
equipment, and as the regular position maintained in a support table to weight change of a loading 
device, the pneumatic control of the air spring is carried out. And the above-mentioned linear motor coil 
detects the acceleration signal by the acceleration sensor, separately from a pneumatic control, integrates 
an integrator with this further to a speed signal, acquires a displacement signal, and after it changes these 
into a digital signal, it is controlled by computer control. 

[0006] Similarly as other examples of the conventional vibration isolator, precision vibration removal 
equipment is indicated by the Japan Society of Mechanical Engineers collected works (C pieces), the 
paper (paper No. 90-0829A) announced by 57 No. 534 (1991-2), and "active control of precision 
vibration removal equipment" (four persons besides Yoshiaki Iwata). 

[0007] The vibration removal equipment of this example is made into an active system, like the first 
paper of the above, a linear coil motor is not formed but the method of controlling the servo valve which 
established near the entrance the air content instead sent into an air spring from an air supply is adopted. 
This control system sends the signal from the acceleration sensor installed in the base, and the 
displacement sensor prepared between a base and the base to a control system through an integrator, 
controls opening and closing of a servo valve by the command signal based on a relative displacement, 
acceleration, and a speed signal, and controls internal pressure. 
[0008] 

[Problem(s) to be Solved by the Invention] By the way, as pointed out also by the second paper 
mentioned above, it carries out to the high degree of accuracy of precision processing machines, such as 
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an electron microscope, laser equipment, and semiconductor-related, and improvement in the speed, and 

lnm is made into an actual target, and the accuracy of measurement and the process tolerance have 

become until the influence of minute vibration influences the performance of a direct device. 

[0009] Therefore, by the ultraprecise device, in the passive vibration isolator which forms an air spring 

etc., it is difficult to suppress minute vibration in tolerance, and asks for the active vibration isolator 

from-which-minute- vibration- is-positively removable. And eacfr^ 

an active vibration isolator. 

[0010] However, by the first thing, since an air spring and a linear coil motor distribute by arrangement 
suitably respectively and independently and it is prepared on the base, the whole device becomes large- 
sized, and as for the vibration isolator by the two above-mentioned papers, cost increases. Since the 
pneumatic control of an air spring and feedback control of the linear motor by the acceleration sensor 
are performed as a respectively separate system as the control method, there is a problem that it is still 
more insufficient for satisfying overly minute vibration removal conditions. 

[001 1] Moreover, it is larger for an effect to use together the damping force for overly controlling [ of an 
air spring ] minute displacement only by internal pressure to have inadequate oscillating depressor effect 
too, and according to a linear coil motor like the first paper, although enlargement of a device is avoided 
in what is depended on the second paper, since the method of controlling the internal pressure of an air 
spring by the servo valve is adopted. 

[0012] Furthermore, although a several Hz thing is obtained and vibrationproofing of low frequency is 
possible for the resonant frequency of an air spring, near a opposite side resonant frequency, there is a 
problem that an amplitude is amplified also several times of an input, and a limitation is in the 
vibrationproofing effect in vibrationproofing of low frequency. 

[0013] the present condition of the vibration isolator using the conventional air spring which mentioned 

this invention above — minding — an air spring and electromagnetism — by unifying and constituting an 

oscillating absorber, are compact and let the miniaturized thing which can carry out vibrationproofing of 

from vibration of a low resonant frequency to the vibration of very minute high vibration frequency and 

for which a cheap vibration isolator is offered economically be a technical problem 

[0014] the vibration isolator by which unification was furthermore carried out [ above-mentioned ] ~ 

receiving — the pneumatic control of an air spring, and electromagnetism — let it be another technical 

problem to offer the control method that excite an oscillating absorber simultaneously, the oscillating 

removal by the vibration isolator is made to act effectively, and even minute vibration can be removed 

completely 

[0015] 

[Means for Solving the Problem] As a means to solve the first technical problem of the above, by this 
invention, it had the air spring and the electromagnetic-force oscillating absorber, and considered as the 
composition of the vibration isolator which prepared the either in the interior of another side, and was 
unified. 

[0016] In this case, it is good also as composition of a vibration isolator used as the voice coil motor 
which should enclose the compressed air with the interior of the bag body which consists the 
aforementioned air spring of an airtight elastic membrane, loops body material around a voice coil for an 
electromagnetic-force oscillating absorber, **** this in the opening between the annular magnets with 
which a magnetic pole counters radial, and changes. 

[0017] Or an electromagnetic-force oscillating absorber is unified in preparation for the inside of the 
aforementioned air spring, and an electromagnetic-force oscillating absorber is good also as composition 
of the vibration isolator which should prepare the minute gap to the electromagnet and should carry out 
opposite arrangement of the body made to generate absorptive power or repulsive force with an 
electromagnet and an electromagnet. 

[0018] As a means to solve the second technical problem, moreover, in this invention As opposed to the 
vibration isolator which unified and formed the air spring or the electromagnetic-force oscillating 
absorber in the interior of another side It controls, both the output signals and integration signals of the 
acceleration sensor attached in the vibration isolator — being based — vibration of an oscillating absorber 

http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi__ejje 8/6/2003 



Page 3 of 6 



— feedback control — electromagnetism — like [ both / either or ] And it considered as the control 
method of the vibration isolator which consists of controlling pneumatic pressure so that the air spring 
amount of compression becomes the set point based on both the output signals and integration signals of 
the displacement sensor which detects the amount of compression of an air spring. [ both / either or ] 
[0019] in this case, the output signal of the displacement sensor which detects the amount of 
compression- of an air spring to theaforementioned vibration isolator — differentiating— - 
signal — being based — vibration of an oscillating absorber — feedback control — electromagnetism — it 
is good also as the control method which controlled pneumatic pressure so that it controlled-like and the 
air spring amount of compression became the set point based on both the output signals and integration 
signals of the above-mentioned displacement sensor [ both / either or ] 
[0020] 

[Function] The vibration isolator of the above-mentioned composition is controlled by the method by 
invention of the control method. Control of a vibration isolator is performed from the 2nd page, control 
[ controlling the pneumatic pressure of an air spring, and ] vibration directly actively. 
[0021] Also in this invention, it is very low, and the resonant frequency of the air spring itself is about 
several Hz. Pneumatic pressure is adjusted so that an attenuation factor may become large most with the 
size of the support load. This adjustment is performed by controlling the opening of a regulator valve 
based on the signal of a displacement sensor. 

[0022] When controlling a regulator valve, it is performed by the combination of the signal and 
integration signal of a displacement sensor, and is made to make a variation rate into the minimum in 
proportion [ directly ] to the size of a displacement-sensor signal, and an integration signal is used for 
restricting to the value used as the average of the displacement signal in a predetermined time. A rough 
vibration can carry out ****** attenuation by this. 

[0023] electromagnetism — the oscillating absorber has made acceleration the variation rate as an 
oscillating absorption, it is fundamentally the same, and according to the vibration from a support load, 
although the voice coil motor or the electromagnet was combined and either is used — it is — measuring 
a variation rate directly ~ the signal — feeding back — electromagnetism — reaction is given-like, and it 
operates so that vibration may be negated by it 

[0024] The reaction force by this electromagnetic force can suppress vibration completely by acting 
effectively also to a very minute variation rate, and making it act on the thing of the structure united with 
this within the air spring. 
[0025] 

[Example] The example of this invention is explained with reference to a drawing below. 
[0026] Drawing 1 is the main cross section of the vibration isolator of the first example. This example 
shows the example which built the voice coil motor 2 as an electromagnetic-force oscillating absorber in 
the interior of an air spring 1 . 

[0027] The bag body 5 of the shape of a cross-section ellipse which consists of the excellent rubber 
membrane (rubber bellows) of the airtightness reinforced with the powerful tire cord between the finish 
plate 3 and the underplate 4 like the usual thing as an air spring 1 is attached, the compressed air is 
enclosed with the internal air chamber 6, and the air spring is formed using the elasticity. 
[0028] Although there are some which have not formed the finish plate 3 and the underplate 4 
depending on the form of an air spring, there should just be a member for attaching a voice coil motor in 
an air spring in that case. 

[0029] Inserting in the above-mentioned crevice [ winding ] 9 between the magnets formed so that a 
voice coil 8 might be minded, the crevice 9 in a circle might be minded [ which attached the voice coil 
motor 2 in the finish plate 3 / in a circle / 7 ] for this and a magnetic pole might counter radial, a magnet 
consists of the pole piece 1 1 of the permanent magnet 1 0 magnetized by N pole like illustration at the 
center side, and the iron core 12 in a circle magnetized by the outside at the south pole. 
[0030] 13 is an acceleration sensor and 14 is a displacement sensor. 

[0031] Drawing 2 is the main cross section of the vibration isolator of the second example. This 
example shows the example which built air spring V in the interior of voice coil motor 2\ 
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[0032] Air spring T consists of what prepared bag body 5* of the same rubber membrane as the first 
example between the magnet of voice coil motor 2' prepared between the finish plate 3 and the 
underplate 4, and the finish plate 3, and the compressed air is enclosed with the air chamber 6\ 
[0033] Like the first example, voice coil motor 2' inserts a bobbin 7 and a voice coil 8 in a crevice 9, and 
consists of the permanent magnet 10 which has this crevice 9, and the pole piece 1 1 and the iron core 12 
prepared in-the-outside? It has the acceleration sensor 1-3 and-the ^displacement-sensor 14 similarly . 
[0034] Vibration of the device which the compressed air is sent into an air spring 1 and 1\ and adjusts 
pneumatic pressure suitably when using it as a vibration isolator in any [ of two examples constituted as 
mentioned above ] case, and exerts electromagnetic force on a voice coil motor 2 and 2\ and is installed 
in the upper part of a vibration isolator is prevented. 

[0035] Drawing 3 is the main cross section of the vibration isolator of the third example. Although the 
electromagnetic-force oscillating absorber is built in the interior of an air spring 1 like the first example 
in this example, the composition of an electromagnetic-force oscillating absorber differs in a voice coil 
motor 2, and it differs in that electromagnet unit 2" which consists of the combination of an 
electromagnet and a permanent magnet is used. 

[0036] Electromagnet unit 2" attaches in a finish plate what surrounded permanent magnet 7" by iron 
core 8", and consists of what looped this around coil 11" in a circle to predetermined distance ******** 
eclipse ****** 10." The acceleration sensor 13 and the displacement sensor 14 are formed too. 
[0037] An air spring 1 forms a bag body 5 between a finish plate 3 and a underplate 4 like the first 
example, and consists of what enclosed the compressed air with the interior. 
[0038] Also in the vibration isolator of the above-mentioned composition, static height adjusts the 
pneumatic pressure of an air spring 1 based on the displacement information acquired from a 
displacement sensor 14, and performs it. Attenuation of vibration is made to act so that the 
electromagnetic force of electromagnet unit 2" may be adjusted based on the acceleration signal of an 
acceleration sensor 1 3 and vibration may be negated. 

[0039] The plan of the example which formed the vibration isolator of one of the above on the 
vibrationproofing base 20 or in the bottom at drawing 4 is shown. 

[0040] The outline block diagram of the control circuit which controls the vibration isolator of the first 
example of the above to drawing 5 is shown. In addition, it will not be necessary to explain that it is 
controllable by the same control circuit, even if it is the thing of the second example and the third 
example, although the example of illustration shows the thing of the first example as a vibration isolator. 

[0041] If this control circuit consists mainly of three equalization circuits and one of them detects an 
acceleration signal by the acceleration sensor 13, after a filter's 21 removing DC component (direct 
current) among the acceleration signal, taking out only a change signal component, and the gain- 
adjustment machine's 22 adjusting gain and adding with other signals through an adder 25, it is the 
circuit which controls power amplification 26 based on the signal, and sends drive current to a voice coil 
motor 2. 

[0042] An integrator 23 and the gain-adjustment machine 24 are formed in the circuit of the above- 
mentioned gain-adjustment machine 22 in parallel, and the output signal is sent to it to an adder 25. 
[0043] The 2nd equalization circuit is the system of the displacement signal by the displacement sensor 
14, and is a circuit which will differentiate the signal with a differentiator 27 if a displacement signal is 
taken out, carries out the gain adjustment of the differential signal with the gain-adjustment vessel 28, 
and is added to an adder 25. 

[0044] It is a circuit which controls reducing- valve 33' while the 3rd equalization circuit branches, sends 
the displacement signal of the above-mentioned displacement sensor 14 to the gain-adjustment machine 
29, adds this to an adder 32 and controls a regulator valve 33 by the output signal. The circuit of an 
integrator 30 and the gain-adjustment machine 31 is established in the circuit of the gain-adjustment 
machine 29, and parallel in the circuit which controls this regulator-valve 33 grade. A regulator valve 33 
adjusts the compressed air from the high-pressure air receiver 34, and adjusts a variation rate in the 
height of an air spring 1. Reducing-valve 33' is adjusted so that the internal pressure of an air spring 1 
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may become below the set point 

[0045] As mentioned above, the signal which expresses the change portion with an adder 25 except for a 
part for the direct current from an acceleration signal, the signal which integrated with the signal, and 
the signal which differentiated the signal further detected by the displacement sensor 14 are added, and 
excitation of a voice coil motor is controlled by the above-mentioned control circuit by the output. That 
is, "PID^controi is performed. 

[0046] In this case, an output signal is given to power amplification 26 by the signal component with the 
large rate of one of signals among the values to which time for each signal to become the largest differed 
according to the property of each change, therefore the first acceleration signal, the speed signal which 
integrated with this, and the differential signal of a variation rate were added with the adder 25, and a 
voice coil motor 2 is excited so that the change may be negated by the exciting current from power 
amplification 26. 

[0047] On the other hand, a displacement signal and its integration signal are given to an adder 32 in the 
circuit which controls regulator-valve 33 grade by the signal of a displacement sensor 14. The opening 
of a regulator valve 33 and the set pressure of reducing-valve 33' are controlled by the signal with the 
large rate for which each signal accounts also in this case, and it is adjusted so that the pneumatic 
pressure in an air spring 1, therefore the height position of a finish plate 3 may serve as the set point. 
[0048] Although the above was the example of the circuit which enforces the first control method, a part 
of above circuit should be combined as other examples of the control method (following illustration 
ellipsis). 

[0049] For example, it is the combination (Systems I and III should put together) of the circuit which 
controls a voice coil motor by the above-mentioned acceleration sensor 13 as the second control method, 
and the circuit which controls regulator-valve 33 grade by the displacement sensor 14. Therefore, the 
circuit which sends the signal of a displacement sensor 14 to a differentiator 27 in this case is omitted. 
[0050] The signal which differentiated the signal of a displacement sensor 14 with the differentiator 27 
becomes the thing same as a result since it is a speed signal as the signal which integrated with the 
signal of an acceleration sensor 13, therefore even if it omits the circuit of a differentiator 27, it can 
perform the same control as the first control method. 

[0051] The combination (Systems II and III should put together) of the circuit which forms only a 
displacement sensor 14, gives the signal to power amplification 26 through a differentiator 27 as the 
third control method, controls a voice coil motor 2, and controls regulator-valve 33 grade by the signal 
of the browning grade sensor 14 is employable. In this case, since the acceleration sensor 13 is not 
formed, an adder 25 is also omitted. 

[0052] A voice coil motor 2 is controlled by the above-mentioned control circuit by the excitation from 
power amplification 26 to negate the variation rate of the size of the speed in proportion to the size of 
the speed signal of the circuit of System II. System III About an operation, it is the same as the case of 
the first example. 

[0053] Therefore, also in this example, adjustment of the electromagnetic control of a voice coil motor 2 

and the pneumatic pressure of the air spring by the regulator valve 33 is performed. 

[0054] 

[Effect] As explained to the detail above, in this invention, it should be compact, and the shell which 
considered the air spring and the electromagnetic-force oscillating absorber as the composition of the 
vibration isolator which contained either in another side and unified it, and the whole equipment should 
be miniaturized, and cost can be reduced, and an advantage, like design arrangement of the whole 
vibration isolator becomes advantageous is acquired. 

[0055] invention of the method of controlling the above-mentioned vibration isolator — the combination 
of an acceleration signal and its integration signal — vibration of an oscillating absorber — 
electromagnetism — the first control method which controls-like and controls the pneumatic pressure of 
an air spring by combination of the signal and integration signal of a browning grade sensor — or the 
signal which differentiated the signal of a displacement sensor - vibration of an oscillating absorber — 
electromagnetism, even if it is which [ of the second control method which controls-like and controls the 
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pneumatic pressure of an air spring by combination of a browning grade sensor signal and its integration 
signal ] case vibration of an oscillating absorber made into unification structure — electromagnetism — 
compared with the conventional method of performing individually control or each of only one of the 
shells made into the combination of the method of adjusting the pneumatic pressure of an air spring 
while denying-like to the oscillating absorber of another object structure it is markedly alike and 
suppression of a highly precise minute vibration-is attained^ 



[Translation done.] 
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TECHNICAL FIELD 



[Industrial Application] This invention relates to the vibration isolator used for vibrationproofing of 
various industrial machines, and its control method. 
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PRIOR ART 



[Description of the Prior Art] There is an air spring as one of the meanses which prevents vibration 
generated from various industrial machines, such as a dehydrator, a compressor, an air hammer, a press, 
and an oscillating conveyor. As shown in drawing 6 , generally this air spring encloses the compressed 
air with the interior of a cross-section ellipse-like bag body, uses the elasticity, and it consists of what 
fixed the outstanding rubber membrane (rubber bellows) of the airtightness reinforced with the powerful 
tire cord by vertical metallic ornaments. 

[0003] When using this air spring as a vibration isolator, it consists of what generally installed the 
respectively independent thing of an air spring 1 and a voice coil motor 2 on the required-number 
common bed as shown in drawing 7 . 

[0004] The example is shown in the paper (paper No.89-0916B) as which the vibration isolator using the 
air spring mentioned above was announced by for example, the Japan Society of Mechanical Engineers 
collected works (C pieces) and 56 No. 523 (1990-3), and "research of active fine oscillating vibration 
removal equipment which used the linear motor" (four persons besides Takashi Fujita). 
[0005] In this paper, a voice coil form linear motor is used as an actuator of vibration removal 
equipment, and as the regular position maintained in a support table to weight change of a loading 
device, the pneumatic control of the air spring is carried out. And the above-mentioned linear motor coil 
detects the acceleration signal by the acceleration sensor, separately from a pneumatic control, integrates 
an integrator with this further to a speed signal, acquires a displacement signal, and after it changes these 
into a digital signal, it is controlled by computer control. 

[0006] Similarly as other examples of the conventional vibration isolator, precision vibration removal 
equipment is indicated by the Japan Society of Mechanical Engineers collected works (C pieces), the 
paper (paper No.90-0829A) announced by 57 No. 534 (1991-2), and "active control of precision 
vibration removal equipment" (four persons besides Yoshiaki Iwata). 

[0007] The vibration removal equipment of this example is made into an active system, like the first 
paper of the above, a linear coil motor is not formed but the method of controlling the servo valve which 
established near the entrance the air content instead sent into an air spring from an air supply is adopted. 
This control system sends the signal from the acceleration sensor installed in the base, and the 
displacement sensor prepared between a base and the base to a control system through an integrator, 
controls opening and closing of a servo valve by the command signal based on a relative displacement, 
acceleration, and a speed signal, and controls internal pressure. 
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EFFECT OF THE INVENTION 



[Effect] As explained to the detail above, in this invention, it should be compact, and the shell which 
considered the air spring and the electromagnetic-force oscillating absorber as the composition of the 
vibration isolator which contained either in another side and unified it, and the whole equipment should 
be miniaturized, and cost can be reduced, and an advantage, like design arrangement of the whole 
vibration isolator becomes advantageous is acquired. 

[0055] invention of the method of controlling the above-mentioned vibration isolator — the combination 
of an acceleration signal and its integration signal — vibration of an oscillating absorber — 
electromagnetism — like — controlling — the combination of the signal and integration signal of a 
browning grade sensor the signal which differentiated the first control method which controls the 
pneumatic pressure of an air spring, or the signal of a displacement sensor — vibration of an oscillating 
absorber — electromagnetism, even if it is which [ of the second control method which controls-like and 
controls the pneumatic pressure of an air spring by combination of a browning grade sensor signal and 
its integration signal ] case vibration of an oscillating absorber made into unification structure — 
electromagnetism — compared with the conventional method of performing individually control or each 
of only one of the shells made into the combination of the method of adjusting the pneumatic pressure of 
an air spring while denying-like to the oscillating absorber of another object structure it is markedly 
alike and suppression of a highly precise minute vibration is attained 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] By the way, as pointed out also by the second paper 
mentioned above, it carries out to the high degree of accuracy of precision processing machines, such as 
an electron microscope, laser equipment, and semiconductor-related, and improvement in the speed, and 
lnm is made into an actual target, and the accuracy of measurement and the process tolerance have 
become until the influence of minute vibration influences the performance of a direct device. 
[0009] Therefore, by the ultraprecise device, in the passive vibration isolator which forms an air spring 
etc., it is difficult to suppress minute vibration in tolerance, and asks for the active vibration isolator 
from which minute vibration is positively removable. And each of two above-mentioned papers aims at 
an active vibration isolator. 

[0010] However, by the first thing, since an air spring and a linear coil motor distribute by arrangement 
suitably respectively and independently and it is prepared on the base, the whole device becomes large- 
sized, and as for the vibration isolator by the two above-mentioned papers, cost increases. Since the 
pneumatic control of an air spring and feedback control of the linear motor by the acceleration sensor 
are performed as a respectively separate system as the control method, there is a problem that it is still 
more insufficient for satisfying overly minute vibration removal conditions. 

[001 1] Moreover, it is larger for an effect to use together the damping force for overly controlling [ of an 
air spring ] minute displacement only by internal pressure to have inadequate oscillating depressor effect 
too, and according to a linear coil motor like the first paper, although enlargement of a device is avoided 
in what is depended on the second paper, since the method of controlling the internal pressure of an air 
spring by the servo valve is adopted. 

[0012] Furthermore, although a several Hz thing is obtained and vibrationproofing of low frequency is 
possible for the resonant frequency of an air spring, near a opposite side resonant frequency, there is a 
problem that an amplitude is amplified also several times of an input, and a limitation is in the 
vibrationproofing effect in vibrationproofing of low frequency. 

[0013] the present condition of the vibration isolator using the conventional air spring which mentioned 
this invention above — minding ~ an air spring and electromagnetism — by unifying and constituting an 
oscillating absorber, are compact and let the miniaturized thing which can carry out vibrationproofing of 
from vibration of a low resonant frequency to the vibration of very minute high vibration frequency and 
for which a cheap vibration isolator is offered economically be a technical problem 
[0014] the vibration isolator by which unification was furthermore carried out [ above-mentioned ] — 
receiving - the pneumatic control of an air spring, and electromagnetism — let it be another technical 
problem to offer the control method that excite an oscillating absorber simultaneously, the oscillating 
removal by the vibration isolator is made to act effectively, and even minute vibration can be removed 
completely 
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MEANS 



[Means for Solving the Problem] As a means to solve the first technical problem of the above, by this 
invention, it had the air spring and the electromagnetic-force oscillating absorber, and considered as the 
composition of the vibration isolator which prepared the either in the interior of another side, and was 
unified. 

[0016] In this case, it is good also as composition of a vibration isolator used as the voice coil motor 
which should enclose the compressed air with the interior of the bag body which consists the 
aforementioned air spring of an airtight elastic membrane, loops body material around a voice coil for an 
electromagnetic-force oscillating absorber, **** this in the opening between the annular magnets with 
which a magnetic pole counters radial, and changes. 

[0017] Or an electromagnetic-force oscillating absorber is unified in preparation for the inside of the 
aforementioned air spring, and an electromagnetic-force oscillating absorber is good also as composition 
of the vibration isolator which should prepare the minute gap to the electromagnet and should carry out 
opposite arrangement of the body made to generate absorptive power or repulsive force with an 
electromagnet and an electromagnet. 

[0018] As a means to solve the second technical problem, moreover, in this invention As opposed to the 
vibration isolator which unified and formed the air spring or the electromagnetic-force oscillating 
absorber in the interior of another side It controls, both the output signals and integration signals of the 
acceleration sensor attached in the vibration isolator — being based — vibration of an oscillating absorber 
~ feedback control — electromagnetism — like [ both / either or ] And it considered as the control 
method of the vibration isolator which consists of controlling pneumatic pressure so that the air spring 
amount of compression becomes the set point based on both the output signals and integration signals of 
the displacement sensor which detects the amount of compression of an air spring. [ both / either or ] 
[0019] in this case, the output signal of the displacement sensor which detects the amount of 
compression of an air spring to the aforementioned vibration isolator — differentiating — the differential 
signal — being based — vibration of an oscillating absorber — feedback control — electromagnetism — it 
is good also as the control method which controlled pneumatic pressure so that it controlled-like and the 
air spring amount of compression became the set point based on both the output signals and integration 
signals of the above-mentioned displacement sensor [ both / either or ] 
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OPERATION 



[Function] The vibration isolator of the above-mentioned composition is controlled by the method by 
invention of the control method. Control of a vibration isolator is performed from the 2nd page, control 
[ controlling the pneumatic pressure of an air spring, and ] vibration directly actively. 
[0021] Also in this invention, it is very low, and the resonant frequency of the air spring itself is about 
several Hz. Pneumatic pressure is adjusted so that an attenuation factor may become large most with the 
size of the support load. This adjustment is performed by controlling the opening of a regulator valve 
based on the signal of a displacement sensor. 

[0022] When controlling a regulator valve, it is performed by the combination of the signal and 
integration signal of a displacement sensor, and is made to make a variation rate into the minimum in 
proportion [ directly ] to the size of a displacement-sensor signal, and an integration signal is used for 
restricting to the value used as the average of the displacement signal in a predetermined time. A rough 
vibration can carry out ****** attenuation by this. 

[0023] electromagnetism — the oscillating absorber has made acceleration the variation rate as an 
oscillating absorption, it is fundamentally the same, and according to the vibration from a support load, 
although the voice coil motor or the electromagnet was combined and either is used — it is — measuring 
a variation rate directly — the signal — feeding back -- electromagnetism — reaction is given-like, and it 
operates so that vibration may be negated by it 

[0024] The reaction force by this electromagnetic force can suppress vibration completely by acting 
effectively also to a very minute variation rate, and making it act on the thing of the structure united with 
this within the air spring. 
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EXAMPLE 



[Example] The example of this invention is explained with reference to a drawing below. 
[0026] Drawing 1 is the main cross section of the vibration isolator of the first example. This example 
shows the example which built the voice coil motor 2 as an electromagnetic-force oscillating absorber in 
the interior of an air spring 1. 

[0027] The bag body 5 of the shape of a cross- section ellipse which consists of the excellent rubber 
membrane (rubber bellows) of the airtightness reinforced with the powerful tire cord between the finish 
plate 3 and the underplate 4 like the usual thing as an air spring 1 is attached, the compressed air is 
enclosed with the interna] air chamber 6, and the air spring is formed using the elasticity. 
[0028] Although there are some which have not formed the finish plate 3 and the underplate 4 
depending on the form of an air spring, there should just be a member for attaching a voice coil motor in 
an air spring in that case. 

[0029] Inserting in the above-mentioned crevice [ winding ] 9 between the magnets formed so that a 
voice coil 8 might be minded, the crevice 9 in a circle might be minded [ which attached the voice coil 
motor 2 in the finish plate 3 / in a circle / 7 ] for this and a magnetic pole might counter radial, a magnet 
consists of the pole piece 1 1 of the permanent magnet 1 0 magnetized by N pole like illustration at the 
center side, and the iron core 12 in a circle magnetized by the outside at the south pole. 
[0030] 13 is an acceleration sensor and 14 is a displacement sensor. 

[0031] Drawing 2 is the main cross section of the vibration isolator of the second example. This 
example shows the example which built air spring 1 ? in the interior of voice coil motor 2\ 
[0032] Air spring V consists of what prepared bag body 5 f of the same rubber membrane as the first 
example between the magnet of voice coil motor T prepared between the finish plate 3 and the 
underplate 4, and the finish plate 3, and the compressed air is enclosed with the air chamber 6\ 
[0033] Like the first example, voice coil motor 2' inserts a bobbin 7 and a voice coil 8 in a crevice 9, and 
consists of the permanent magnet 10 which has this crevice 9, and the pole piece 1 1 and the iron core 12 
prepared in the outside. It has the acceleration sensor 13 and the displacement sensor 14 similarly. 
[0034] Vibration of the device which the compressed air is sent into an air spring 1 and 1\ and adjusts 
pneumatic pressure suitably when using it as a vibration isolator in any [ of two examples constituted as 
mentioned above ] case, and exerts electromagnetic force on a voice coil motor 2 and 2\ and is installed 
in the upper part of a vibration isolator is prevented. 

[0035] Drawing 3 is the main cross section of the vibration isolator of the third example. Although the 
electromagnetic-force oscillating absorber is built in the interior of an air spring 1 like the first example 
in this example, the composition of an electromagnetic-force oscillating absorber differs in a voice coil 
motor 2, and it differs in that electromagnet unit 2" which consists of the combination of an 
electromagnet and a permanent magnet is used. 

[0036] Electromagnet unit 2" attaches in a finish plate what surrounded permanent magnet 7" by iron 
core 8", and consists of what looped this around coil 11" in a circle to predetermined distance ******** 
eclipse ****** 10." The acceleration sensor 13 and the displacement sensor 14 are formed too. 
[0037] An air spring 1 forms a bag body 5 between a finish plate 3 and a underplate 4 like the first 
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example, and consists of what enclosed the compressed air with the interior. 
[0038] Also in the vibration isolator of the above-mentioned composition, static height adjusts the 
pneumatic pressure of an air spring 1 based on the displacement information acquired from a 
displacement sensor 14, and performs it. Attenuation of vibration is made to act so that the 
electromagnetic force of electromagnet unit 2" may be adjusted based on the acceleration signal of an 
acceleration- sensor 1 3* and-vibration-may be negated. 

[0039] The plan of the example which formed the vibration isolator of one of the above on the 
vibrationproofing base 20 or in the bottom at drawing 4 is shown. 

[0040] The outline block diagram of the control circuit which controls the vibration isolator of the first 
example of the above to drawing 5 is shown. In addition, it will not be necessary to explain that it is 
controllable by the same control circuit, even if it is the thing of the second example and the third 
example, although the example of illustration shows the thing of the first example as a vibration isolator. 

[0041] If this control circuit consists mainly of three equalization circuits and one of them detects an 
acceleration signal by the acceleration sensor 13, after a filter's 21 removing DC component (direct 
current) among the acceleration signal, taking out only a change signal component, and the gain- 
adjustment machine's 22 adjusting gain and adding with other signals through an adder 25, it is the 
circuit which controls power amplification 26 based on the signal, and sends drive current to a voice coil 
motor 2. 

[0042] An integrator 23 and the gain-adjustment machine 24 are formed in the circuit of the above- 
mentioned gain-adjustment machine 22 in parallel, and the output signal is sent to it to an adder 25. 
[0043] The 2nd equalization circuit is the system of the displacement signal by the displacement sensor 
14, and is a circuit which will differentiate the signal with a differentiator 27 if a displacement signal is 
taken out, carries out the gain adjustment of the differential signal with the gain-adjustment vessel 28, 
and is added to an adder 25. 

[0044] It is a circuit which controls reducing-valve 33' while the 3rd equalization circuit branches, sends 
the displacement signal of the above-mentioned displacement sensor 14 to the gain- adjustment machine 
29, adds this to an adder 32 and controls a regulator valve 33 by the output signal. The circuit of an 
integrator 30 and the gain-adjustment machine 31 is established in the circuit of the gain-adjustment 
machine 29, and parallel in the circuit which controls this regulator- valve 33 grade. A regulator valve 33 
adjusts the compressed air from the high-pressure air receiver 34, and adjusts a variation rate in the 
height of an air spring 1. Reducing-valve 33' is adjusted so that the internal pressure of an air spring 1 
may become below the set point. 

[0045] As mentioned above, the signal which expresses the change portion with an adder 25 except for a 
part for the direct current from an acceleration signal, the signal which integrated with the signal, and 
the signal which differentiated the signal further detected by the displacement sensor 14 are added, and 
excitation of a voice coil motor is controlled by the above-mentioned control circuit by the output. That 
is, PID control is performed. 

[0046] In this case, an output signal is given to power amplification 26 by the signal component with the 
large rate of one of signals among the values to which time for each signal to become the largest differed 
according to the property of each change, therefore the first acceleration signal, the speed signal which 
integrated with this, and the differential signal of a variation rate were added with the adder 25, and a 
voice coil motor 2 is excited so that the change may be negated by the exciting current from power 
amplification 26. 

[0047] On the other hand, a displacement signal and its integration signal are given to an adder 32 in the 
circuit which controls regulator- valve 33 grade by the signal of a displacement sensor 14. The opening 
of a regulator valve 33 and the set pressure of reducing-valve 33' are controlled by the signal with the 
large rate for which each signal accounts also in this case, and it is adjusted so that the pneumatic 
pressure in an air spring 1, therefore the height position of a finish plate 3 may serve as the set point. 
[0048] Although the above was the example of the circuit which enforces the first control method, a part 
of above circuit should be combined as other examples of the control method (following illustration 
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ellipsis). 

[0049] For example, it is the combination (Systems I and III should put together) of the circuit which 
controls a voice coil motor by the above-mentioned acceleration sensor 13 as the second control method, 
and the circuit which controls regulator-valve 33 grade by the displacement sensor 14. Therefore, the 
circuit which sends the signal of a displacement sensor 14 to a differentiator 27 in this case is omitted. 
[0050] The signal which differentiated the signal of a displacement sensor 14^wjth„the..differentiatox 21 
becomes the thing same as a result since it is a speed signal as the signal which integrated with the 
signal of an acceleration sensor 13, therefore even if it omits the circuit of a differentiator 27, it can 
perform the same control as the first control method. 

[005 1] The combination (Systems II and III should put together) of the circuit which forms only a 
displacement sensor 14, gives the signal to power amplification 26 through a differentiator 27 as the 
third control method, controls a voice coil motor 2, and controls regulator-valve 33 grade by the signal 
of the browning grade sensor 14 is employable. In this case, since the acceleration sensor 13 is not 
formed, an adder 25 is also omitted. 

[0052] A voice coil motor 2 is controlled by the above-mentioned control circuit by the excitation from 
power amplification 26 to negate the variation rate of the size of the speed in proportion to the size of 
the speed signal of the circuit of System II. System III About an operation, it is the same as the case of 
the first example. 

[0053] Therefore, also in this example, adjustment of the electromagnetic control of a voice coil motor 2 
and the pneumatic pressure of the air spring by the regulator valve 33 is performed. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The main cross section of the vibration isolator of the first example 

[Drawing 2] The main cross section of the vibration isolator of the second example 

[Drawing 3] The main cross section of the vibration isolator of the third example 

[Drawin g 4] The plan at the time of installing one of examples in a vibrationproofing base 

[Drawing 5] The outline block diagram of the control circuit for enforcing the method of controlling the 

above-mentioned vibration isolator 

[Drawing 6] The cross section of the air spring of the conventional example 

[Drawing 7] The plot plan of the vibration isolator formed on the vibrationproofing base of the 

conventional example 

[Description of Notations] 

1 T Air spring 

2 2* Voice coil motor 

3 Finish Plate 

4 Underplate 

5 5* Bag body 

6 & Air chamber 

7 Bobbin 

7 ,f Permanent magnet 

8 Voice Coil 
8" Iron core 

9 Crevice 

10 Permanent Magnet 
10" Iron core 

1 1 Pole Piece 
11" Coil 

12 Iron Core 

1 3 Acceleration Sensor 

14 Displacement Sensor 
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DRAWINGS 



[Drawing 2] 
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